(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Internationa] Bureau 




(43) International Publication Date (10) International Publication Number 

28 March 2002 (28,03.2002) pCT WO 02/24394 Al 



(51) International Patent Classification^: B23K 20/12, 
B60G 3/06, 7/00. B23P 13/04, B62D 21/15 

(21) International Application Number: PCT/USO 1/27546 

(22) International Filing Date: 

6 September 2001 (06.09.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/667.909 22 September 2000 (22.09.2000) US 

(71) Applicant: RJ. TOWER CORPORATION [USAJS]; 
521 1 Cascade Road SE. Grand Rapids, MI 49546 (US). 

(72) Inventors: HOOTMAN, Jon; 9125 S. Patricia Boule- 
vaid. Oak Creek, WI 53154 (US). HINRICHS, John, F.; 
N86 W15763 Riverside Bluff Road, Menomonee Falls, WI 
53051 (US). NORUK, Jeffrey, S.; 11 121 Riverland Court. 



Mequon, WI 53092 (US). GALL, Mike; 1924 Nakomis 
Avenue. LaCrosse, WI 54603 (US). RUEHL, Phillip, C; 
1225 Overhille Road, Elm Grove, WI 53122 (US). 

(74) Agent: LERVICK, Craig, J.; Oppenheimer Wolff & Don- 
nelly LLP, Suite 3300, 45 South Seventh Street, Minneapo- 
lis. MN 55402 (US). 

(81) Designated States (national): BR, CA. JP, KR, MX. 

(84) Designated States (regional): European patent (AT, BE, 
CH, CY, DE, DK. ES, H, FR, GB, GR, IE, IT, LU. MC, 
NL, PT, SE, TR): 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

For two-letter codes and other abbreviations^ refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: MULTI-PIECE EXTRUDED LINK ARM 



40 SS f 
80 t / 




On 

m 

2 (57) Abstract: Link arms for use in link arm suspension systems are produced through an extrusion and friction stir welding process. 

Blocks (90, 95) having an eye (50) and a planar body section (70) are formed through extrusion. These sections are then paired 
^5 together and joined through friction stir welding. The welded joint (80) is positioned in such a location so as to not impact the 

structural integrity of the completed component. Through this process it is possible to construct link arms having the same structural 
^ integrity as previously employed steel link arms while achieving dramatic weight reductions. 
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MULTI-PIECE EXTRUDED LINK ARM 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to automotive component parts. More specifically, the 
5 present invention relates to the efficient fabrication of automotive parts by first extruding 
portions tiiereof, and subsequently joining these various sections to form the completed 
automotive parts. 
Description of the Related Art 

In any given automobile design, countless diverse components are operatively 

10 coupled together to create a sophisticated, higih performance machine. Certain components 
are relatively simple in their design, but can always be improved. Furflier, the way these 
parts are fabricated can similarly be improved to provide additional advantages and features. 
For example, design improvements can continually be made to improve the structural 
integrity of the product itself. These design improvements may involve how internal 

15 component stresses can be better handled, or may implement manufacturing efficiencies. 
Furthermore, weight reduction is always an important consideration when designing 
components for vehicles. 

Many components have fairly straight forward design criteria based upon their 
purpose, function, and relationship with other components. One such component is the link 

20 arm, or Unk rod, that is used in vehicle suspension systems. A common link rod design is 
made up of a steel tube that is welded between a pair of steel eyes. Each eye is fabricated 
from a steel ring having a wall thickness sufficient to provide the necessary structural 
reUabiUty. To join these components together the eyes are simply welded to each end of the 
steel tube. Generally a gas . metal arc weld (GMAW) is utilized to achieve the necessary 

25 bonding characteristics- 
Due to of the shs^e, design and interconnection of the various components that make 
up the link arm, a majority of the load stress is concentrated at the weld area. As is obvious, 
any components which carry loads in a vehicle must easily withstand all loads without the 
possibility of failure. Naturally, it is very undesirable to have significant loads carried by 

30 welded joints due to the possibiUty of irregularities and inconsistencies in the weld. 
Furthermore, stress concentration areas are typically created adjacent to a welded joint, which 
provides another possible source of product failure. More specifically, significant changes in 
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the geometry and metallurgy at the welded joint create a possibility for product breakage or 
failure. The location of weld joints is consequently a very important design consideration. 

The use of designs which include a significant number of welded components are 
further undesirable due to problems in maintaining tolerances. More specifically, it is 
5 typically difficult to maintain precise tolerances among components when undergoing 
welding operations. Due to the substantial heat and material stresses that are introduced 
through the welding process, expansion, bending, bowing and other misaligmnent concerns 
are created, hi the specific case of the link arm, maintaining exact dimensions between the 
two eyes becomes difficult during the welding processes. Furthermore, maintaining proper 

10 aligmnent of the eyes and center component is also difficult. 

hi today's market, vehicles are becoming increasingly modular, thus requiring 
flexibility among the various components. Naturally, the various components must meet 
certain physical requirements which are dictated by their application. For example, the link 
arm is limited to certain lengths and overall dimensions which must possess sufficient 

15 stractural integrity to withstand certain predetermined load levels applied along various axis. 
A second vehicle may require similar characteristics from its link arms, but may have sUght 
different length specifications. Unfortunately, two separately fabricated parts are typically 
necessary to meet this need. 

In addition to all of the structural and strength requirements, weight and cost are also 

20 continuing concerns. Any reduction in weight of various component parts results in similar 
weight reductions for the overall vehicle. Naturally, this will result in improved vehicle cost, 
power requirements, etc. Manufacturing efficiencies also help to reduce overall production 
costs, and final component part costs as well. Consequently, cost and weight reductions are 
continual goals when designing any particular con^onent. Therefore, there exists a need to 

25 provide an improved link arm meeting the predetermined structural requirements while 
meeting or exceeding current efficiencies in cost and production. 

SUlSmARY OF THE INVENTION 
The present invention seeks to produce a flexible design link arm for use in a vehicle 
suspension system which has a need for a reduction in weight. Specifically, the present 

30 invention reduces the overall weight of the link arm or rod without greatly increasing ttie cost 
of the component or the manufacturing process. In achieving these weight and cost savings. 
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the design of the present invention provides either equal or improved levels of structural 
reliability. 

To achieve the weight reduction desired, the link arm of the present invention is 
comprised entirely of extruded aluminum (or similar light weight materials); thus achieving a 
5 weight reduction of about thirty percent from a similarly sized and shaped traditional steel 
link arm. However, replacing steel with aluminum creates additional complications. That is, 
it is generally not practical to join a tubular aluminum rod to a pair of aluminum rings or eyes 
as was the approach in the steel link arm. Tliis impmcticality is due to differing material 
strengths and weld characteristics, with the welds having less than half of Ihe strength of the 
10 base material. As previously discussed, the transition from the small diameter steel tube to 
the large diameter eye concentrated a majority of the load stress in the weld area. Aluminum 
components of this configuration would not easily meet all of the necessary requirements of 
the end product 

To achieve the desired weight reduction by utilizing aluminum, the configuration of 
15 the link arm of the present invention is quite distinct from its steel counterparts. Furthermore, 
to produce such an aluminum link arm in a cost effective manner, a new manufacturing 
process is utilized. 

When viewed from the top (or bottom), the completed aluminum link arm has a 
generally rectangular configuration. When viewed from the side, a substantial portion of the 

20 interior or center section is also rectangular in configxiration. Towards each end of the link 
arm, a transition area begins to taper outward and spUt, forming a pair of transition arms. An 
area between the transition arms is hollow. The transition arms terminate in an integrally 
connected hollow aluminimi eye. Again, the entire link arm is fabricated from alvuninum 
achieving a significant reduction in weight. As previously mentioned, other lightweight 

25 materials could also be used to fabricate the product, so long as they meet the material 
requirements outlined below. 

. To form tiie aluminum link arm, almninum is fed tihrough an extmsion press to form 
components having the desired cross-sectional shape. Several options exist as to the exact 
number of extruded components required to form a completed link arm. While possible to 

30 form the entire link arm in a single extrusion process, this approach is not practical since the 
link arm is typically about sixteen inches long. At present, it is not cost effective to utilize an 
extmder capable of producing components witti those dimensions due to the lower cost and 
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improved tolerances of smaller extrusions. Thus, for practical purposes the alnminum link 
arm of the present invention is formed from at least two extruded components. 

In a first embodiment, the extruded component forms one-half of the completed 
aluminnm link arm. As further outlined below, these extruded components are then friction 

^ 5 stir welded and subsequent cut to size at a final step. The actual extrusion has a length much 
larger than the eventual width of a single completed link arm component. To join the 
extrusions they are first paired side by side and then fed tiirough a fiiction stir welder. Each 
single extrusion forms one side of the completed product including the above described eye 
and a pair of transition arms which lead to a genially rectangular section which terminates in 

10 an edge for friction stir welding. By aligning the fiiction stir welding edge of two such 
extrusions, the resulting cross-sectional configuration is that of the alimiinum link arm. 

By joining two extrusions through a stir welding process, no additional material is 
added (thus preventing additional weight). Further, the stir weld process produces welds that 
are near base material strength, or two times the strength of gas metal arc welding. The 
. 15 welds are thus more than capable of withstanding the pressures and forces exerted upon a 
completed hnk arm. Since the remainder of the link arm is integrally formed through the 
extrusion process, there is no joint or weld that interconnects the main body of the arm to the 
eye portions. Therefore, the fiiction stir weld, with strength near that of the base material, is 
able to withstand the concentration of stresses which normally occur here. 

20 In a second embodiment, three separate extrusions are used to form a completed link 

arm. The first two extrusions are similar to those produced in the first , embodiment. That is, 
a hollow eye is produced which is integrally connected to a pair of transition arms that tapers 
into a somewhat rectangular area that terminates in an edge for j&iction stir welding. One 
could simply connect these two extrusions together and produce what amounts to a shortened 

25 aluminum link arm. However, in this embodiment a third extrusion is utilized. The third 
extrusion is a generally rectangular member having a cross-sectional height equal to the 
cross-sectional height of the other extrusions and a predetermined length. The extruded 
components are aligned so that the rectangular section is disposed between the two extmsions 
having hollow eyes. Specifically, the edges are aligned and again are joined through a stir 

30 welding process. Thus, by adjusting the dimensions of the rectangular extrusion, the overall 
length of the link arm can easily be modified. 
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The combination of extraded component parts and friction stir welding provides a 
veiy efficient manufacturing process. The extrusion process is relatively simple and 
inexpensive. The friction stir welding process is extremely efficient and does not add any 
weight to the completed product. What results is an aluminum link arm having a weight that 
5 is about two-thirds of its steel coxmterpart while maintaining or exceeding the stmctural 
viability of the steel coimterpart. Importantly, the costs to produce the aluminum Hnlr arm is 
relatively low and is comparable with that of producing steel link rods due to the elimination 
of manufacturing processes. 

As is known, stir welding occurs by plimging a rotating bit into the metal of two 

10 abutted components. The rotating bit is then moved along the seam between these two 
components. As this occurs, the material is plasticized and essentially forms a bond between 
the two components. The depth of the bit is selected to correspond to the depth of a seam. In 
the present invention, the rotating bit passes along the seam created when the two extmsions 
are aligned side by side. By having the rotating bit travel the entire length, a strong and 

15 consistent weld is created along the entire length of the seam. Stir welding operations may be 
performed on both sides of the component, depending upon the desired weld characteristics. 
Alternatively, two stir welders may provided which act along both sides of the same seam 
simultaneously. In either method, the stir weld tool plunges into the two abutted components 
from the top and the other from the bottom. 

20 Friction stir welding is an enabling technology for the present invention due to the 

resulting bond. As previously mentioned, an extremely strong weld occurs between the 
various components. Additionally, fiiction stir welding does not require excessive amounts 
of heat, and consequently avoids many disadvantages of classical welding processes. For 
example, residual stresses and distortion generally caused by the heat utilized in traditional 

25 welding processes, is significantly reduced through the use of friction stir welding. 
Furthermore, the weld strength itself is increased, thus niinimizing concerns about weld 
failures. Friction stir welding also accommodates the production of more precise and easily 
controlled parts. As mentioned, very little heat input is introduced through the fiiction stir 
welding process. Consequently, unnecessary expansion and bending is not inherently 

30 created. This allows very tight alignment tolerances to be achieved in the resulting product 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a prior art steel link arm. 
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Figure 2 is an end view of an aluminum link ann of the present invention. 
Figure 3 is a top, partially sectional view of an aluminum link arm of the present 
invention. 

Figure 4 is an end view of a single joint aluminum link arm. 
5 Figure S is an end view of the two extmsions used to form a single joint aluminum 

link arm. 

Figure 6 is an end view of a double joint aluminum link arm. 

Figure 7 is an end view of the three extrusions used to form a double joint aluminimi 
link arm along with two alternative rectangular extrusions illustrating how different length 
1 0 double joint aluminum link arms can be formed. 

Figure 8 is a perspective view of a single joint aluminum link arm. 
Figure 9 is a perspective view of an extrusion for a single joint aluminum link arm. 
Figure 10 is a perspective view of two extraded sections ftiction stir welded together, 
with dashed lines indicating cut lines to cut the welded block into a plurality of single joint 
1 5 aluminum link arms. 

Figure 1 1 is an end, schematic view of a pair of extmsions being stir welded together 
by a friction stir welder. 

Figure 12 is a top view of pair of extmsions being stir welded together. 
Figure 13 is an end, schematic view of an altemative embodiment wherein the 
20 extmsions are simultaneously friction stir welded utilizing two stir weld tools. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Referring to Figure 1, a representative steel link arm 10 is illustrated. Steel link arm 
10 includes a steel tube 15 forming a main body of the component and a pair of steel eyes 20 
attached to each end. Steel tube 15 is generally cylindrical in nature and may or may not be 
25 hollow depending upon the desired configuration. Steel eyes 20 are each welded to an end of 
steel tube 15. Each steel eye 20 is a cylindrical member having a hollow interior configured 
for attachment to other components. In use, a busMng (not shown) is inserted into each eye 
20 and steel link aim 10 is then used as a connective component in the link arm suspension 
system. 

30 As mentioned above, steel link ann 10 is manufactured from three separate 

components that are joined together through a typical welding process. More specifically, 
steel tube 15 is typically welded to steel eye 20 at weld area 25 by a gas metal arc welding 
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(GMAW) process. Because the diameter of steel tube 15 is signij&cantly smaller than the 
width of steel eye 20, force typically applied to link ami 10 when in use creates stress 
concentrated at weld area 25, With this configuration of a link arm 10, the strength and 
integrity of the weld between steel tube 1 5 and each steel eye 20 is absolutely critical. 
5 Referring to Figure 2, link arm of the present invention is illustrated and generally 

referred to as 35, Link arm 35 has a generally rectangular center section 40 forming a main 
body of the component and at each end of center section 40 is an eye 45 having an hollow 
eye interior 50. Center section 40 essentially splits into two transition arms, upper transition 
arm 55 and lower transition arm 60, as it transforms into eye 45. Hollow area 65 is formed 

10 between upper transition arm 55 and lower transition arm 60. 

Link arm 35 is partially formed through an extrusion process. While various 
components or portions are separately identified and enumerated, it is to be understood that 
link arm 35 (when completed) is essentially a unitary, integral mass of solid aluminum and 
that the indication of various components or portions thereof is for illustrative purposes only. 

15 As outlined below, the joining or welding of components is minimized to avoid issues related 
to weld joints. 

Hollow area 65 is formed during the extrusion process and simply represents the 
location within the extrusion where aluminum is not allowed to pass. Hollow area 65 is an 
optional feature and simply serves to allow for additional weight reductions in that aluminimi 

20 need not be present in that location in order to provide the required level of structural 
integrity to link arm 35. If so desired, additional hollow areas could be located within side 
surface 75 to achieve fiuih^ weight reductions so long as Ihe specific levels of stractural 
integrity are maintained. 

In use, bushings 53 are placed within eye interior 50 of each eye 45. Subsequently 

25 link arm 35 is used as a connective member in a link ami suspension system. In one 
embodiment of the invention, link arm 35 is constructed entirely fi-om aluminum resulting in 
a significant weight reduction when compared to a similarly sized steel link arm 10. When 
fabricated in aluminum, link arm 35 weighs approximately two-thirds tiiat of the steel link 
arm 10. It should be noted that while aluminum is the preferred material, other alloys or 

30 extmdable materials could be utilized. 

Figure 3 is a top view of link ami 35 and illustrates the generally rectangular overall 
shape of the component and in particular its upper surface 70. Figures 2 and 3 illustrate how. 
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in this particiilar embodiment, link ami 35 is generally symmetrical about a medial bisecting 
axis 72. 

Figures 2 and 3 show aluminum linlc ami 35 as a single integral component. As 
previously discussed, link arm 35 is partially manufactured through an extrusion process. 
5 Therefore, to form link arm 35 as a single integral unit it would have to be extraded in its 
completed fonn as illustrated. As a practical matter, link arm 35 in most q)plications will be 
approximately 12 to 25 inches in length. Common extrusion equipment can easily fabricate 
parts up to approximately 8 inches in length - one half the typical length of link arm 35. 
While longer extrusions are possible it becomes difficult to maintain tolerances and their cost 

10 per pound greatly increases. This cost becomes excessive and limits this approach as a viable 
production option. Therefore, the present invention contemplates forming link aim' 35 from 
at least two separate components. 

Figure 4 illustrates a single joint link arm 85 in schematic form, showing how this 
product is formed from two components. Single joint link arm 85 is formed by coupling a 

15 first extrusion 90 to a second extrusion 95 via a fiiction stir weld joint 80. While friction stir 
weld joint 80 is shown as a somewhat U-shaped area, it is understood that this is typically 
continuous material. Further, the actual configuration or stir weld joint 80 may change 
depending on various process details. Resulting single joint link arm 85 has the desired 
length by using two separate shorter components, thus significantly reducing the cost of the 

20 product. When completed, single joint link arm 85 will have a configuration identical to link 
arm 35, thus those reference numbers are used interchangeably throughout this application. 

In order to effectively and efficiently create link arm 35 from multiple components, 
the components are joined by fiiction stur welding. The resulting friction stir weld joint 80 
has nearly the same strength of the base material and is capable of withstanding the forces 

25 link arm 35 is subjected to. As previously discussed, eye 45 is integral with upper transition 
arm 55 and lower transition arm 60, thus there is no structural weakness in these areas — 
areas which traditionally experience a concentration of stress. The gradual transition of the 
design geometry provides for this elimination of stractural weakness. 

Figure 5 is a side view of the two components used to form single joint aluminum link 

30 arm 85 prior to the bonding process. As illustrated, first extrusion 90 tenninates in a first 
extrusion edge 105 and second extrusion 95 terminates in a second extrasion edge 110. First 
extrusioii edge 105 is abutted against second extrasion edge 110. Subsequently a fiiction stir 
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welding process is commenced joining the two components together. Further details 
regarding this fiiction stir welding process are outlined below. In this embodiment, first 
extrusion 90 represents one-half of the completed single joint link arm 85 while second 
extrusion 95 represents the entirety of the other half. Thus, the length of single joint link arm 
5 85 is easily controlled by appropriately sizing each extrusion 90, 95. In other words, different 
sized extrusions 90, 95 can easily be manufactured to create completed single joint link arm 
35 of various lengths. Additionally, variations in each con^onent can be easily 
. accommodated. While the two extrusions, 90 and 95, are shown to be substantially similar in 
tibieir cross-section, this is not necessarily a requirement. It is easily understood that non- 
10 symmetrical link rods can easily be manufactured using the principles outlined above. 

The present design of link arm 35 can easily be modified to create a variety of 
diflEerent sizes and lengths. When it is desired to produce a variety of link arms having 
different lengths, it may be more efficient to produce the double joint link arm 115 as 
illustrated in Figure 6. Double joint link arm 115 is formed &om three separate components - 
15 - a first extrusion 90, a rectangular extrusion 120, and a second extrusion 95. To create the 
completed product rectangular extrusion 120 is inserted between first extrusion 90 and 
second extrusion 95. These components aro subsequently joined to one another through the 
fiiction stir welding process producing a first fiiction stir weld joint 125 and a second fiiction 
stir weld joint 130. In this design, it is readily apparent that varying the length of rectangular 
20 extrusion 120 will result in the production of double joint alunnnum link arms 115 having 
different lengths. It is also readily apparent that using first and second extrusion 90, 95 of the 
embodiment in Figure 4 with the rectangular extrusion 120 is possible and can result in an 
even longer double joint link aims 115. 

Once again, first fiiction stir weld joint 125 and second fiiction stir weld joint 130 are 
25 shown as, somewhat U-shaped areas of double joint link arm 115. It is again understood that 
this is for illustrative purposes only as the resulting joint is made vtp of substantially 
continuous material. Again, various other configurations are possible, depending upon the 
various processes utilized to create first fiiction stir weld joint 125 and second fiiction stir 
weld joint 130. 

30 Figure 7 illustrates double joint aluminum link arm 115 prior to the fiiction stn 

welding process. That is, first extrusion 90, rectangular extrusion 120 and second extrusion 
95 are still separate from one another. First altemative rectangular extrusion 140 and second 
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altemative rectangular extrusion 145 are provided to illustrate how providing different 
lengths of the medial section will result in the desired overall dimensions of the completed 
product Once again, the location and quality of the faction stir weld joints 125, 130 are such 
tfiat the overall construction of double joint aluminum link arm 1 15 is structurally sound. 
5 To form double joint aluminum link arm 115, fibrst extrusion edge 105 is aligned with 

one rectangular extrusion edge 135 while second extrusion edge 110 is lined with the 
opposite rectangular extrusion edge 135. The components subsequently passed tiirougji a 
friction stir welder to form a first and second friction stir weld joint 125, 130. Ideally, both 
friction stir weld joints 125, 130 can be formed simultaneously. Alternatively, the joints can 

10 be formed one at a time. 

Referring to Figure 8, a perspective view of a single joint link arm 85 is presented. 
From this view it becomes apparent how coimecting arm 40 is formed from portions of both 
first extrusion 90 to second extrusion 95. By joining the edges of the first and second 
extrusions 90, 95 a generally rectangular connecting arm 40 is formed. This presents a seam 

15 between two surfaces which can then be optimized for the Motion stir welding process. By 
optimizing the extrasion edges for the friction stir welding process, connecting arm 40 can be 
thinner with respect to the widest portion of eye 45 due to the improved weld integrity. Li 
other words, upper and lower transition arms 55, 60 are allowed to taper from connection arm 
40 to match the dimensions of eye 45. This is opposed to requiring that side surface 75 have 

20 a more rectangular configuration equivalent to the widest portion of eye 45 which would in 
turn require more material and increase the overall weight of the link arm 85. 

To manufacture link arm 35, aluminum is fed through an extrusion press to produce a 
relatively large block or extmsion 150 as illustrated in Figure 9. As viewed from the side 
surface 75, extmsion 1 50 is equivalent in size and shape to either first or second extrusion 90, 

25 95. However, extrasion 150 has a much larger length as represented by dimension L. The 
exact length selected will vary depending on the capabilities of the handling equipment being 
employed to manufacture completed aluminum link arms 35. Extrusion 150 includes 
extmsion edge to be friction stir welded 1 55 on a side opposite of eye 45. 

Referring to Figure 10, it can be seen that two extrusions 150 are joined side by side. 

30 More specifically, extruded edge 155 of a first extrusion 150 is abutted against extrusion edge 
155 of a second extrasion 150. A fidction stir weld 80 is then produced wh^e extrusion 
edges 155 abut one another. Since each of the extrusions 150 are identical, when so welded 
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the width W of joined block 160 is equivalent so the length of extrusion 150. Cut lines 165 
illustrate where joined block 160 will be cut by cutting saw 170 (schematically illustrated) to 
form a plurality of single joint aluminum link arms 85. Of course, the cutting process would 
be the same to produce a plurality of double joint aluminum link arms 115. 
5 Cutting saw 170 is simply schematically illustrated. In practice, cutting saw 170 

would be an industrial, high-speed production cutting saw preferably with a large circular 
blade (e.g. having a 22 inch diameter and 60 carbide teeth). Alternatively, other cutting 
methods could be used, such as an industrial band saw, or laser cutting. After each section is 
cut from joined block 160, the various surfaces are deburred. Subsequently a bushing 53 is 

10 inserted into each eye 45. Various types of bushings may be applied. For example, metal 
sleeved bushings can be utilized. Eye 45 may need to be reamed so that hollow area 65 is set 
to the correct dimensions. This is necessary because of the tight tolerances required for such 
metal sleeve bushings, which are beyond the capabilities of the extrusion process. If non- 
sleeve bushings are to be employed, the tolerances of hollow area 65 can be adequately 

1 5 achieved through the extrusion process. 

Referring to Figures 11 and 12, the stir welding process of the present invention is 
illustrated. As previously explained, to form the completed component the extrasion edges 
155 of two opposed extrusion blocks 150 are first aligned against one another. The gap 
between each extrusion edge 155 is referred to as weld seam 100. In practice, first extrusion 

20 90 is abutted against second extrasion 95 and weld seam 100 is a miniscule space between 
opposing extrasion edges 155. 

As previously discussed, jBriction stir welding is accomplished by utilizing a friction 
stir welder 175 which includes a friction stir welding bit or tool 180. Welding bit 180 
includes a tip 182 which extends from a collar portion 177. In practice, tip 182 is allowed to 

25 extend completely into the work pieces, while collar 177 is simply positioned at or slightly 
above the adjacent surfaces of the materials being welded. Tip 182 extends into a substantial 
portion of the weld joint, thus sufficiently plasticizing material in that area. 

Once so aligned friction stir welder 175 is activated causing the respective welding 
tool 180 to rotate at a r^id rate. As the welding tool 180 pass along weld seam 100 their 

30 rotation plasticizes the aluminum and creates a pool of revolving plasticized material. As 
more clearly shown in Figure 12, friction stir welder 175 (in addition to rotating) moves 
along a direction of travel as indicated by the arrow. As this occurs the plasticized material 
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around welding tool 180 is moved behind the tool 180. The material then solidifies forming a 
soUd bond or stir weld j oint 80. 

The friction stir welding process does not introduce any consnmables into the weld 
joint 80. Thus, the weight of the final product is dependent entirely upon the weight of the 
5 extruded aluminiun. 

Most importantly, the fiiction stir welding process does not melt the aluminum to 
produce a quality joint. Thus, the weld joint 80 is formed with a Triinim al amount of 
distortion. This results in a better quality bond between the two components. In comparison, 
traditional welding processes subject the material to extreme amounts of heat which change 

10 and ultimately weaken the structural integrity of the aluminum. Thus, tbe fiiction stir 
welding process is critical to tiie formation and fabrication of aluminum link arms 35. 
Additionally, this allows very precise dimensional tolerances to be maintained. 

While a single stir welder can be employed in the known way, to bond fiarst extrusion 
90 to second extmsion 95 a dual stir welder configuration may be used. As more specifically 

15 shown in figure 13, a first fiiction stir welder 175 is orientated above first and second 
extrusions 90, 95 so that a rotatable welding tool or bit 180 protruding fi-om first fraction stir 
welder 175 is aligned with weld seam 100. Welding tool 180 is selected so that when it is 
plunged into the alumininn to the maximum depth allowed by collar 177, welding tool 180 
will extend to a depth of approximately one-half that of first and second extrusion 90, 95.' 

20 Similarly, a second fiiction stir welder 185 is orientated undemeath first and second extrusion 
90, 95 with a rotatable welding bit 190 orientated with weld seam 100. Once again, the size 
of the second welding tool 190 is selected so that when plimged into the aluminum to the 
maximum depth allowed by collar 187, welding tool 190 will extend approximately one-half 
the distance into first and second extrusion 90, 95. 

25 Those skilled in the art will fiirther appreciate that the present invention may be 

embodied in other specific forms without dq)artuig firom the spirit or central attributes 
thereof. In that the foregoing description of the present invention discloses only exemplary 
embodiments thereof, it is to be understood that other variations are contemplated as being 
within the scope of the present invention. Accordingly, the present invention is not limited in 

30 the particular embodiments which have been described in detail therein. Rather, reference 
should be made to the appended claims as indicative of the scope and content of the present 
invention. 
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CLAIMS 

What is claimed? 

1. A method of fabricating an aluminum link arm for use in a link ann suspension 
system, comprising: 

extruding a first unitaiy aluminum block having a first end and a second end, wherein 
5 the first end includes a eye section with a hollow eye interior and the second 

end includes a welding edge; 
extruding a second unitary aluminum block having a first end and a second end, 
wherein the first end includes a eye section with a hollow eye interior and the 
second end includes a welding edge; 
10 placing the welding edge of the first aluminum block adjacent to the welding edge of 

the second aluminum block to form a seam therebetween; and 
joining the first aluminxmi block to the second aluminum block to form a joined block 
. by moving a first rotating bit of a first fiiction stir welder along the seam so 
that a stir welded joint is formed. 

15 2. The method of claim 1 , further comprising: 

cutting through the joined block in a direction generally perpendicular to the stir 
welded joint so that the cut separates a portion of the joined block having a 
predetermined width approximately equal to the desired width of the 
aluminum link arm. 

20 3 . The method of claim 2, further comprising: 

inserting a first sleeved bushing into the hollow eye interior of the first unitary 
aluminum block and a second sleeved bushing into the hollow eye interior of 
the second unitary aluminum block. 

4. The method of claim 1, wherein the first unitary aluminum block further includes a 
25 hoUow area between the eye section and the welding edge and the second unitary aluminum 

block further includes a hollow area between the eye section and the welding edge. 

5. The method of claim 1, wherein joining the first aluminum block to the second 
aiumimmi block, further comprises: 
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placing a second friction stir welder adjacent the seam, so that the first friction stir 

welder and the second friction stir welder are positioned on opposite sides of 

the first aluminum block firom one another; and 
moving a second rotating bit of the second firiction stir welder along the seam, 

simultaneously with the bit of the jfirst fiction stir welder so that a stir welded 

joint is formed. 

6. An aluminum link arm made by the process of claim 1 . 

7. A method of fabricating an aluminimi link arm for use in a link arm suspension 
system, comprising: 

extruding a first unitary aluminum block having a first end and a second end, wherein 

the first end includes a eye section with a hollow eye interior and the second 

end includes a welding edge; 
extruding a second unitary aluminum block having a first end and a second end, 

wherein the first end includes a eye section with a hollow eye interior and the 

second end includes a welding edge; 
extmding a planar block section having at first edge and a second edge; 
placing the welding edge of the first aluminum block adjacent to the first welding 

edge of the planar block section to form a first seam therebetween; 
placing the welding edge of the second aluminum block adjacent to the second 

welding edge of the of the planar block section to form a second seam 

therebetween; and 

joining the first aluminum block to the planar block section by moving a rotating bit 
of a fiiction stir welder along the first Motion stir welding seani so that a first 
stir welded joint is formed; and 

joining the second aluminum block to the planar block section and the Grst aluminum 
block to form a joined block by moving the rotating bit of the fiiction stir 
welder along the second fiiction stir welding seam so that a second stir welded 
joint is formed. 

8. The method of claim 7, fiirttier comprising: 
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cutting through the joined block in a direction generally perpendicular to the first and 
second stir welded joints so that the cut separates a portion of the joined block 
having a predetermined width approximately equal to the desired width of the 
aluminum link arm. 

5 9. The method of claim 8, further comprising: 

inserting a first bushing into the hollow eye interior of the first unitary aluminum block 
and a second bushing into the hollow eye intmor of the secx)nd unitary 
alimiinum block. 

10. The method of claim 7, wherein the first unitary aluminum block further includes a 
10 hollow area between the eye section and the welding edge and the second unitary aluminum 

block further includes a hollow area between the eye section and the welding. 

11. The method of claim 7, wherein joining the first aluminum block to the planar block, 
further comprises: 

placing a second friction stir welder adjacent the first seam, so that the first fiiction 
15 stir welder and the second fiiction stir welder are positioned on opposite sides 

of the planar block firom one another; and 
moving a second rotating bit of the second fiiction stir welder along the first seam, 

simultaneously with the bit of the first fiiction stir welder so that a stir welded 

joint is formed. 

20 12. The method of claim 10, wherein joining the second aliiminum block to the planar 
block, further comprises: 

placing the second fiiction stir welder adjacent the second seam, so that the first 
friction stir welder and the second friction stu: welder are positioned on 
opposite sides of the planar block firom one another; and 
25 moving the second rotating bit of the second fiiction stir welder along the second 

seam, simultaneously v^th the bit of the first friction stir welder so that a^stir 
welded joint is formed. 

1 3 . An aluminum link arm made by the process of claim. 7. 
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14. An aluminum link arai for use in a link ami suspension system, comprising: 

a first integral extruded alimiinum section having a first eye portion defiuaing a first 
hollow eye interior, a first substantially rectangular main body portion, and a 
first hollow area located adjacent to the first eye portion; and 

a second integral extmded aluminum section having a second eye portion defining a 
second hollow eye interior, a second substantially rectangular main body 
portion, and a second hollow area located adjacent to the second eye portion, 
wherem the first main body portion of the first integral extruded aluminum 
section is joined to the second main body portion of the second integral 
extmded aluminum section by a fiiction stir weld. 

15. -The aluminimi link arm of claim 13, fiirfher comprising: 

a first arcuate upper transition arm joining the first main body portion to an upper 

portion of the first eye portion; 
a first arcuate lower transition arm joining the first main body portion to a lower 

portion of the first eye portion; 
a second arcuate upper transition arm joining the second main body portion to an 

upper portion of the second eye portion; and 
a second arcuate lower transition arm joining the second main body portion to a lower 

portion of the second eye portion. 

16. An aluminum link arm for use in a link arm suspension system, comprising: 

a first integral extruded aluminimi section having a first eye portion defining a first 
hollow eye interior, a first substantially rectangular main body portion, and a 
first hollow area located adjacent to the first eye portion; 

a generally rectangular extmded aluminum section having a first end and a second 
end; 

a second integral extruded aluminum section having a second eye portion defining a 
second hollow eye interior, a second substantially rectangular main body 
portion, and a second hollow area located adjacent to the second eye portion, 
wherein the first main body portion of the first integral extruded aluminum 
section is joined to the first end of the rectangular extruded aluminum section 
by a first fiiction stir weld and the second main body portion of the second 
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integral extruded aluminum section is joined to the second end of the 
rectangular extruded aluaiinum section by a second £dction stir weld. 

17. The aluminum link aim of claim 15, further comprising: 

a fibrst arcuate upper transition arm joining the first main body portion to an upper 
5 portion of the first eye portion; 

a first arcuate lower transition arm joining the first main body portion to a lower 

portion of the first eye portion; 
a second arcuate i:^per transition arm joining the second main body portion to an 
upper portion of the second eye portion; and 
10 a second arcuate lower transition arm joining the second main body portion to a lower 

portion of the second eye portion. 
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